Using samples drawn from the Sloan Digital Sky Survey, we study for the first time the relation between large-scale environments (Clusters, Groups and Voids) and the stellar Initial Mass Function (IMF). We perform an observational approach based on the comparison of IMF-sensitive indices of quiescent galaxies with similar mass in varying environments. These galaxies are selected within a narrow redshift interval (0.020 < z < 0.055) and spanning a range in velocity dispersion from 100 to 200 km s −1 . The results of this paper are based upon analysis of composite spectra created by stacking the spectra of galaxies, binned by their velocity dispersion and redshift. The trends of spectral indices as measured from the stacked spectra, with respect to velocity dispersion, are compared in different environments. We find a lack of dependence of the IMF on the environment for intermediate-mass galaxy regime. We verify this finding by providing a more quantitative measurement of the IMF variations among galactic environments using MILES stellar population models with a precision of ∆Γ b ∼ 0.2.
INTRODUCTION
A widely adopted approach to constrain the formation and evolution of quenched galaxies is to analyze their stellar population properties (e.g. stellar mass, age and star-formation histories) over cosmic time and as a function of different environments. The stellar Initial Mass Function (IMF), which gives the mass spectrum of stars at birth, is one of the key ingredients in this puzzle.
Traditionally the IMF has often been considered as universal across galaxy types and cosmic time, mostly because of a lack of evidence of IMF variations among stellar clusters and OB associations in the Milky Way (Kroupa 2002; Chabrier 2003; Bastian et al. 2010) . However, there is a growing body of publications showing a systematic variation of the IMF with the velocity dispersion (σ) of early-type galaxies (ETGs) (e.g. Cappellari et al. (2012) ; La ; Ferreras et al. (2013) ; Spiniello et al. (2014) ). Moreover, recent works by several groups have reported radial varia-⋆ E-mail: elhamea@iac.es (EE) tion of the IMF within massive ETGs (Martín-Navarro et al. 2015a,b; La Barbera et al. 2016; Davis & McDermid 2016; van Dokkum et al. 2017; Sarzi et al. 2018 ).
There are three independent probes of the IMF in the unresolved stellar populations: 1) strong gravitational lenses, 2) stellar kinematics and 3) IMF-sensitive spectroscopic features. By employing the first two probes, the total mass distribution of galaxies can be obtained (dark matter + stellar mass + mass of gas). With a few assumptions about dark matter profile and also considering that the stellar mass density follows the luminosity density, it is possible to separate stellar and dark matter components of galaxies. This leads to a constraint on the stellar mass-to-light ratio (M/L) and consequently a constraint on the IMF (Ferreras et al. 2008 (Ferreras et al. , 2010 Auger et al. 2010; Treu et al. 2010; Thomas et al. 2011; Cappellari et al. 2012; Cappellari et al. 2013; Conroy et al. 2013; Tortora et al. 2013; Smith & Lucey 2013; Tortora et al. 2014; Posacki et al. 2014; Tortora et al. 2016; Leier et al. 2016) .
The spectroscopic technique is the most direct method to constrain the IMF, with respect to other techniques and is most sensitive to the ratio between dwarf and giant stars. Several IMF-sensitive spectral features are known as a dwarf/giant discriminators. For example, Na i 8190, Mg 4780 and TiO features reveal the presence of dwarfs in integrated light spectra while the calcium triplet, CaT, is strongest in the giants (Cohen 1978; Carter et al. 1986; Schiavon et al. 1997 Schiavon et al. , 2000 Cenarro et al. 2003; Vazdekis et al. 2003; van Dokkum & Conroy 2010 , 2011 Conroy & Van Dokkum 2012a; van Dokkum & Conroy 2012; La Barbera et al. 2013; Spiniello et al. 2014) . The study of these spectral features in massive local ETGs have shown that the strength of IMF-sensitive indices varies with ETG velocity dispersion. The IMF becomes progressively bottom-heavy, i.e. with a higher ratio of low-to high-mass stars than the Milky Way IMF, as velocity dispersion increases van Dokkum & Conroy 2010; Ferreras et al. 2013; van Dokkum & Conroy 2012; La Barbera et al. 2013; Spiniello et al. 2014; Lagattuta et al. 2017) .
Despite the numerous studies on the IMF, very little is known about the dependence of stellar IMF on large-scale environment. Galaxies that reside in dense environments are more likely to experience interactions such as ram pressure stripping (Abadi et al. 1999; Cen 2014; Bahé & McCarthy 2015) , galaxy harassment (Bialas et al. 2015) and strangulation of gas from neighbors (Kawata & Mulchaey 2008 ) while galaxies in low-density environments remain largely untouched. So it is expected that these diverse evolutionary processes affect differently on the properties of galaxies. Correlations have been found between environmental density and galaxy morphology (Dressler 1980; Postman & Geller 1984; Postman et al. 2005; Bamford et al. 2009 ), color (Pimbblet et al. 2002; Blanton et al. 2005) , Sersic index (Blanton et al. 2005) , concentration (Hashimoto & Oemler Jr 1999) , star formation rate (Lewis et al. 2002; Gomez et al. 2003; Kauffmann et al. 2004; Darvish et al. 2016) , age, metallicity (Kuntschner et al. 2002; Thomas et al. 2005; Sánchez-Blázquez et al. 2006 ) and quenched galaxy fraction (Baldry et al. 2006; Peng et al. 2012; Darvish et al. 2016 ).
Here we study the relation of the IMF of galaxies in varying environment. In Rosani et al. (2018) , the mass of the dark matter host halo of galaxies are used as a proxy for the environment. The authors did not find any dependency of the IMF slope on host halo mass. This motivates us to study the IMF in two distinct samples at extremely low-density environments of voids and walls of the cosmic web (groups and clusters). Most of the previous studies have focused on the IMF of galaxies in dense regions (van Dokkum & Conroy 2010 , 2011 Conroy & Van Dokkum 2012b; Smith et al. 2012; Martín-Navarro et al. 2015b; Tortora et al. 2016; Davis & McDermid 2016; Zieleniewski et al. 2017; Leier et al. 2016) . However, cosmic voids are excellent probes of the effect of environment on galaxy formation and evolution; complex processes such as close encounters and galaxy mergers are rare in void regions (Croton & Farrar 2008; van de Weygaert & Platen 2011; Kreckel et al. 2014; Tavasoli et al. 2015; Moorman et al. 2016) . With the purpose of verifying the impact of the galactic environment on the stellar IMF, here we compare the trend of IMF-sensitive spectral indices with σ in the cluster, group and void regions. In this way, we avoid the well-known bias that more massive galaxies inhabit denser environments (Dressler 1980) . The spectral indices, studied in the present work, are measured in stacked spectra obtained from Sloan Digital Sky Survey (SDSS), Data Release 7 (DR7) (Abazajian et al. 2009 ). In addition to our empirical approach, we perform a more quantitative assessment to support our conclusions.
There are two factors that make our study unique in the field of stellar IMF: first, we used isolated void galaxies which are less affected by mergers, second we used quiescent galaxies rather than red-sequence ones due to avoid the contribution of obscured star-forming galaxies. It is well known that dust-obscured star-forming galaxies can display colors coincident with truly passive populations on the red sequence. Therefore, selecting red galaxies based on a single color in a color-magnitude/mass diagram results in a selection of both passive galaxies and reddened star-forming galaxies. In recent years, it has been shown that galaxies with very little or no star-forming activity tend to be found in a particular region in color-color space (Patel et al. 2011) . Using the color-color diagram in this work, we separated dusty star-forming galaxies and truly quiescent ones.
This paper is structured as follows: In Section 2 we describe the data and sample selection; The procedure of stacking spectra and also the absorption line indices used in this work are presented in Section 3. The main results are introduced in Section 4, i.e. comparison of the trend of stellar population indicators in low and high dense environments (Section 4.1), as well as a quantitative measure for the IMF variations (Section 4.2). A summary and a discussion are given in Section 5.
DATA AND SAMPLE SELECTION
The purpose of this study is to investigate the role of the background density on the IMF-sensitive indices of galaxies, especially at the extremely low-density environments of the voids. Hence, we have used the same sample of Mosleh et al. (2018) . This sample consists of three sub-samples: isolated quiescent void galaxies, quiescent group galaxies and quiescent cluster galaxies. Isolated quenched void galaxies are extracted from a catalog of void galaxies by Tavasoli et al. (2015) which is generated from a volume-limited spectroscopic sample of the Sloan Digital Sky Survey, Data Release 10 (SDSS DR10) (Ahn et al. 2014 ). This catalog consists of 1014 void galaxies, brighter than M r = −19 with the redshift range 0.01 < z < 0.055. Mosleh et al. (2018) divided galaxies in this catalog into star-forming and quiescent ones by using the urz color criteria and quiescent galaxies are crossmatched with the groups catalog of Tempel et al. (2014) . Then quenched void galaxies with more than one companion are removed which reduced the number of galaxies in void sub-sample to 147. Mosleh et al. (2018) did so to ensure that galaxies in their sub-sample are isolated void galaxies, which magnify any variation between galaxy parameters at low-and high-density environments.
To compare the galaxies in low-density environments with those in intermediate and high-density regions, Mosleh et al. (2018) selected two samples of galaxies in rich clusters (with more than 15 galaxies) and rich groups (with 4-8 spectroscopic members) randomly from the Tempel et al. (2014) catalog. Again the urz color criteria is employed to separate star-forming and quiescent galaxies. Quiescent cluster and group galaxies are selected in such a way that their stellar mass distributions are matched with the mass distribution of the isolated quiescent void sample but contain 7× more galaxies (see Mosleh et al. (2018) for more details). Although the sub-samples of different environments are mass-matched, their velocity dispersion distributions are also similar. This is shown as an inset to the top panel of Figure 1 .
We restricted our samples to the galaxies with redshifts higher than 0.02, because there are no isolated quiescent void galaxies with z < 0.02 in this sample. Also, we only selected galaxies with σ higher than 100 km s −1 and lower than 200 km s −1 (because below 100 km s −1 the sensitivity of IMF indices to IMF variations is too low and higher than 200 km s −1 the statistics of void galaxies is too poor). As the aperture of an SDSS spectroscopic fiber (3 ′′ ) samples only the inner parts of nearby galaxies and this fraction is different at each redshift, to construct comparable samples, we split the galaxies in clusters, groups, and voids to three redshift bins: [0.020-0.035], [0.035-0.050], [0.050-0.055]. Then cluster and group galaxies are binned into five velocity dispersion intervals with a width of 20 km s −1 at each redshift bin. The result is 15 bins of galaxies in each cluster and group environments. Due to the low number of void galaxies in our sample, we requested three σ-bins at each redshift interval of void sub-sample. In total, there are 9 bins of void galaxies. In Figure 1 , the histogram of galaxies in each environment has been shown for three redshift bins. Since the number of our cluster, group and void galaxies are maximum in redshifts 0.035 to 0.050, we mainly focus on this redshiftbin throughout the rest of this paper. The analysis of other redshift intervals can be found in the Appendix B.
METHODOLOGY
Our study is based on comparing stellar IMF-sensitive indices of different environments. The SDSS DR7 spectral range allows us to study various of these features. As the SDSS data have low S/N, we stacked the spectra of galaxies to achieve a S/N that allows us to apply a detailed absorption line index comparisons. The cost is that we loss individual galaxy identities. To create the stacked spectra, for each bin we first measured the spectral indices of individual galaxies using the Indexf code 1 (Cardiel 2010) . Before measuring the spectral indices, we prepared the spectra of galaxies: we masked bad pixels and smoothed each spectrum to σ=214 km s −1 which is the spectral resolution, best suited for low-and intermediate-mass galaxies in the Line Index System (LIS) (Vazdekis et al. 2010) . We took into account the wavelength dependent SDSS resolution when smoothing each spectrum to σ=214 km s −1 . Also, as the SDSS data are stored in vacuum wavelength, we converted them to air wavelengths. Then the spectra are de-redshifted to the restframe. After running the Indexf code and measuring linestrengths of individual galaxies, we determined the median values of strengths of IMF-sensitive features in each bin and trimmed away outliers using 3σ cut-off. The excluded galaxies in each index measurement were flagged. If a galaxy was Figure 1 . Histograms of galaxies in different redshift bins. The red histograms correspond to galaxies in clusters, the green dashed lines correspond to the histograms of group galaxies and the blue dotted lines represent histograms of void galaxies. The inset shows the distribution of the σ of quiescent galaxies in clusters, groups and voids in Mosleh et al. (2018) sample. It shows that although the group and cluster samples are mass-matched with the void sample, their σ distribution are also matched.
flagged for more than 1 spectral line, its spectrum was rejected in the analysis. About 2% of galaxies in the cluster and group samples have been excluded from the original samples, but no galaxies in the voids have been excluded.
After determining the final sample, we created the stacked spectra in the following way: first, problematic pixels were masked. Then each individual spectrum has been convolved to σ=214 km s −1 and corrected to air wavelengths.
Next, we shifted the spectra into the rest-frame and binned them onto a common wavelength grid with a fixed dispersion of 1Å in the range available for all galaxies, from 3760Å to 8730Å. Each individual spectrum was normalized to the median flux between 5000Å and 8000Å where the spectrum is relatively flat. This median is stored for use in the next step. When stacking the spectra, we multiplied each spectrum in each bin by the median of all individual medians in that bin. This ensures that the spectra of galaxies in each bin are in the same flux level. Finally, the stacked spectra are made by taking the median of fluxes at each wavelength. The error of the stacked spectra was estimated by bootstrap resampling which indicates the spread of measurements across the sample of galaxies from which the stacks were created. Figure 2 shows the stacked spectra of our samples in the redshift bin 0.035-0.050 for σ-bin of km s −1 . Note that we made this bin for group/cluster galaxies to have the same σ-bin as in void galaxies, for illustrative purpose. We zoom into those regions used in the present work. In the lower panels of Figure 2 , the stacked spectra of galaxies in different environments are divided by each other.
IMF-sensitive line strength indices were measured from the stacked spectra using the Indexf code. In Tables 1, 2 and  3 we report the number of stacked galaxy spectra with their S/N ratio, computed within the central bandpass of spectral indices in the Indexf code.
We investigate the dependency of the age-, metallicityand elemental abundance-sensitive indices on the environment in addition to IMF-sensitive indices. This is necessary to confirm that our findings of the IMF-sensitive spectral features are not caused by the environmental dependency of the other stellar population parameters. Then we perform a quantitative measurements of IMF variation among low and high density environments.
We summarize here the various absorption line indices used in this paper.
IMF-sensitive indices
Using near-infrared spectra of M-dwarf and M-giant stars, Cohen (1978) found that the near-IR Ca ii triplet lines are strongest in the spectrum of giant stars while the Na i feature is stronger in dwarfs and can be used as dwarf/giant indicators. Also, the studies of Schiavon et al. (1997) and Schiavon et al. (2000) on the spectra of cool stars and the integrated spectra of single-stellar populations confirmed that the Na I doublet is an IMF-sensitive feature. Moreover, one of the most prominent molecular bands in M-dwarfs is TiO (Mould 1975) . So the TiO 1 and TiO 2 indices which measure the absorption of TiO molecular band provide sensitive tracers of low-mass cool stars. In addition, exploring MILES extended Simple Stellar Populations (SSPs) Ricciardelli et al. 2012) by La and Conroy & Van Dokkum (2012a) SSP models by Spiniello et al. (2012) , it was found that the index strength of TiO 1 and TiO 2 indices clearly increase with steeper IMF slopes. Also in a study by La , it was found that Mg4780 has a significant dependence on the IMF slope. Hence, this index can be used as an IMF-sensitive feature. Table 4 summarizes the definition of line indices, used in this paper for studying environmental dependency of the IMF. Note that instead of Ca ii triplet, we used the Ca2 line. The reason for this choice is that Ca1 is too faint and Ca3 cannot be measured over the SDSS spectral range for most galaxies in our sample.
Other indices
The most useful features for investigating ages in spectra of galaxies are the Hydrogen Balmer lines. Given the spectral range of our data, we employ H δ F as an age indicator. Also, we use [MgFe] ′ index which is adapted for measuring the mean metallicity of galaxies and is independent of the [α/Fe] ( Thomas et al. 2003) . Moreover, to assess the dependency of [α/Fe] ratio on the environment we use Mgb and <Fe> spectral indices.
RESULTS
In Section 4.1 we base our analysis entirely on an empirical approach. We first compare the age, metallicity, and abundance sensitive features as a function of σ in clusters, groups and voids. This needs to be addressed in our study before any assessment of the IMF-sensitive spectral indices to confirm that the possible differences in the IMF indicators of various environments are not simply caused by variations in age, metallicity or abundance ratio. Then we look at the trend of IMF-sensitive indices vs. σ for the various samples. In Section 4.2 we perform a more quantitative analysis by comparing our measurements with the MILES stellar population models (Vazdekis et al. 2015) . Note that we do not aim at obtaining a precise determination of IMF-slope, but rather to quantify the differences of IMF-slope (∆Γ b ) among low-, intermediate-and high-density environments. Figure 3 shows the measurements for the age-, metallicityand abundance-sensitive absorption features for the redshiftbin 0.035-0.050. Note that this bin has the best statistics for all of the environments. The results and discussion for the other redshift-bins are shown in Appendix B. This figure shows the index measurements for the stacked spectra of galaxies in different environments. Red, green and blue colors represent the cluster, group and void galaxies, respectively. The upper panel of Figure 3 compares the variation of the H δ F , which is a proxy of age, with velocity dispersion for galaxies, residing in low, intermediate and high dense environments. In all environments, we see that with increasing σ, the H δ F absorption decreases (about 0.2Å in clusters and voids and about 0.4Å in groups) which is consistent with more massive galaxies being older. Within the error bars, this behavior does not depend on the galactic environment. The result has been checked by determining the median of line-strength of individual galaxies in each bin instead of measuring the line-strength on the stacked spectra (see Appendix A). We find a ∆H δ F ∼0.2Å among various environments in the lowest σ-bin. Assuming solar metallicity, this translates to a ∆age∼1.5Gyr (according to E-MILES SSPs ). This small difference in age has a negligible impact on the IMF-sensitive indices Table 1 . Properties of the stacked spectra of cluster galaxies in bins of redshift and velocity dispersion Table 2 . Properties of the stacked spectra of group galaxies in bins of redshift and velocity dispersion Table 3 . Properties of the stacked spectra of void galaxies in bins of redshift and velocity dispersion For illustrative purpose, we stacked the spectra of group/cluster galaxies with velocity dispersions between 150 to 200 km s −1 to have a stacked spectrum comparable with void galaxies. Different colors correspond to different environments as labeled. The insets are zoomed-in versions of the spectral indices used in the present work. The stacked spectrum of group and void galaxies are shifted for display purpose. Lower panels: the ratio between the stacked spectra of voids and clusters, voids and groups and finally, groups and clusters are shown, respectively. The plots show the index measurements for stacked spectra at each σ-bin. The red, green and blue colors correspond to cluster, group and void galaxies, respectively. All measurements are performed on data convolved to a common velocity dispersion of 214 km s −1 . The error bars are determined through boot-strapping analysis (see the text for details).
Comparing the trend of spectral indices with velocity dispersion
and introduces an insignificant uncertainty in the IMF slope (∆Γ b ∼ 0.3). Therefore, in our samples, the age difference between galaxies residing in low and high density environments do not cause a notable difference in the strength of IMF-sensitive features among various environments.
In Figure 3, The behavior of abundance line indicators with respect to σ is shown in the first and second panels from the bottom of But for the other bins the environmental dependency cannot be seen within their respective error bars. This means that the star formation time-scale of lower mass galaxies in dense regions is slightly shorter than in low-density environments.
We have shown in Figure 3 that our index measurements do not suggest any significant age, metallicity or [Mg/Fe] difference among the three galaxy samples, which could introduce a noticeable differential effect on the selected IMFsensitive indicators. Therefore any differences between the strengths of IMF-sensitive features in clusters, groups and voids, cannot be attributed to the age, metallicity or [Mg/Fe] abundance differences. We emphasize that this inference is only for the intermediate-mass galaxy regime.
These results put us in a position where we can analyze the spectral indices that are sensitive to the IMF. The behavior of these indices with respect to σ has been shown in Figure 4 . These plots show the index measurements from the stacked spectra. The first plot from the top shows the absorption line, Ca2, which is mostly sensitive to giant stars. The large scatter seen in this plot can be attributed in part to some residuals of the spectra by telluric absorption and sky emission. We found an average decrease of 0.14Å for this feature, from σ = 100 km s −1 to σ = 200 km s −1 . This trend is in line with the previous study by Cenarro et al. (2003) . These authors found an anti-correlation between Ca ii triplet indices and logσ and interpreted this relation as an increase of the dwarf to giant stars ratio along the mass sequence of elliptical galaxies. Also, this amount of average decrease is comparable with the E-MILES SSP models with solar metallicity and varying bimodal IMF slope from 1 to 2.5. In the first plot we see that within the errorbars, the strength of Ca2 in the first σ-bin is similar for cluster, group and void galaxies. Also, in the last σ-bin, the measurements for the cluster and group galaxies are similar within the error bar. But in other bins, there are differences in the value of Ca2 at fixed σ. For instance, in the second σ-bin, Ca2 is larger in cluster and group galaxies than in voids. However, this behaviour is not confirmed by the median of individual galaxies with the only exception of the third σ-bin (see Appendix A). The strength of Ca2 in this bin is higher in groups than clusters, both for stack and median panels. However, on the basis of these results we do not find any clear environmental dependency for Ca2. Thus for the second and forth σ-bins of the left panel, we cannot interpret these differences as an effect of environment on the IMF (see Section 4.2).
The behavior of the dwarf-sensitive index, Na8190 SDSS , with respect to σ is shown in the second panel of Figure 4 . The strength of this absorption line increases with σ suggesting that galaxies become more dwarf-rich towards higher velocity dispersions. This is consistent with La who found that there is a trend between IMF slope and σ, evolving from Kroupa/Chabrier IMF at σ=100 km s −1 to a bottom-heavier IMF with increasing σ. Their result is based on a large sample of ETGs from the SDSS-based SPIDER survey. Figure 12 of La shows that the slope of a bimodal IMF changes from 1 to 2.5 for galaxies with velocity dispersions between 100 to 200 km s −1 (σ range of our sample). Moreover, in their work, the sensitivity of some spectral indices on age, metallicity and IMF slope has been explored with the aid of the extended MILES SSPs. In our galaxy samples this index increases by ∼ 0.15Å from the lowest mass stack to the most massive one. This variation represents an increase of the (bimodal) IMF slope from 1 to 2.5, according to Fig. 4 in La , which is in good agreement with their work. With the exception of our highest velocity dispersion bin, we found that our cluster galaxy stacks sample shows a slightly larger Na8190 SDSS index value in comparison to the other two environments. However, within the errorbars, this difference (∼ 0.07Å in average) is not confirmed by the medians of the individual galaxies in each mass bin.
The third panel of Figure 4 displays the variation of TiO 1 with σ. The strength of this index increases with increasing σ between the two extreme σ bins by ∼ 0.0048. This change represents a similar IMF variation as in the case of the Na8190 SDSS , in good agreement with the study by La . In the first σ-bin of stacked spectra, it can be seen that the absorption of TiO 1 is larger in the void sample than in groups and clusters. Also, the last σ-bin shows that the strength of TiO 1 in cluster galaxies is larger than in groups. But these differences are not confirmed by the median panel (see Appendix A). Thus, in general, the TiO 1 index behaves similarly as a function of galactic environment.
The TiO 2 SDSS panel shows that the strength of this line rises about 0.01 mag within our σ range which is consistent with the variation of IMF slope from 1 to 2.5, in good agreement with the variation resulting from the other two IMF-sensitive indices. From these measurements, it seems that galaxies in cluster regions have larger values of TiO 2 SDSS than galaxies in groups (except for the σ-bin of [160-180] km s −1 ). But this is not confirmed by the median plot in Appendix A. Therefore these differences are not meaningful (see Sec.4.2 for discussion of differences). Overall the major uncertainties affecting our index measurements include the Poisson noise and the scattering in the index measurements along σ.
The Mg4780 index (last panel in Figure 4 ) increases slightly with increasing σ (about 0.2Å in clusters and groups which is again in line with varying IMF slope from 1 to 2.5 in the study by La ). We do not find any significant dependence of this index with the environment except for the lowest-mass bin (σ=100-120 km s −1 ) although this extent is not confirmed in the corresponding median plot in Appendix A.
Qualitatively, the behaviour of the IMF-sensitive indices among different environments does not show any significant dependence of the IMF-slope on the galactic environment.
Note that most of the discrepancies between the environments are seen in the lowest σ-bin. This could be due to the newly accreted low-mass galaxies to the groups and clusters. They might have different accretion histories which makes such an scatter in the index measurements.
Comparison of data to model grids
We now give a more quantitative expression for the variation of the spectral indices with galactic environments by comparing the results in the most massive bin -where the maximum change in IMF-slope is likely to be seen -with expectations of models.
We use the MILES stellar population models, covering the spectral range from 3540.5 to 7409.6Å, at resolution σ = 214 km s −1 . The MILES SSPs cover a wide range of ages, from 0.03 to 14.00 Gyr, and 12 metallicity bins, i.e. (Vazdekis et al. 1996) which is charactrized by its slope as a single free parameter.
The upper panel of Figure 5 plots the Mgb vs. <Fe>. The lower panel of Figure 5 plots the age and metallicity indicators, H δ F and [MgFe] ′ of both the interpolated models ([α/Fe] = 0.25) and the highest σ-bin of the cluster, group and void galaxies (in red, green and blue colors, respectively). Here we provide a quantitative measurement of the uncertainty in the derived IMF-slope that takes into account the differences in age and metallicity. Although there is substantial uncertainty in the age of stacked spectra, the average ages of galaxies in three environments is ∼ 10.5 Gyr. Thus we make a grid of models with age of 10.5 Gyr in Figure 6 (we also checked that making grids with different ages, within the error bars, does not change significantly the final inferred differences in IMF-slope ∆Γ b ). In this figure the IMF-sensitive indicator, TiO 2 SDSS , which is insensitive to metallicity (in the metallicity regime characteristic of this galaxy stacks) (La ) is plotted vs.
[MgFe] ′ . Although the error bars in [MgFe] ′ are large (making a very large uncertainty in metallicity estimates), the quantitative amount of inferred IMF variation is negligible among our samples. According to Figure 6 , the largest difference in IMF-slope for galaxies residing in the cluster and group environments is ∆Γ b C lu st er −Gr ou p ∼ 0.2, cluster and void regions ∆Γ b C lu st er −V oi d < 0.2 and finally void and group one is ∆Γ b V oi d−Gr ou p ∼ 0.1. Hence within this uncertainty we do not find any significant environmental dependency for the stellar IMF. This is consistent with our finding in Sec.4.1, inferred by an empirical approach.
Note that this approach is only meant to test the robustness of our finding in Section 4.1 against uncertainties on line-strength measurements and consequently age/metallicity of the samples. 
SUMMARY AND DISCUSSION
In this work we have studied the possible influence of largescale environment on the stellar IMF of galaxies. For this purpose, we have used a sample of local quiescent galaxies from Mosleh et al. (2018) , which consists of three subsamples of isolated quiescent void galaxies and quiescent group/cluster galaxies with the same stellar mass distribution as of the voids sample. We separated the galaxies in each sub-sample according to different σ and redshift bins and stacked their SDSS DR7 spectra to achieve high signal-to-noise ratio, which is required to analyze the IMFsensitive spectral indices. Our covered σ range (100 < σ < 200 km s −1 ) is imposed by our void galaxy sample due to the fact that these regions do not host galaxies as massive as those in groups/clusters. Therefore, our analysis of IMF sensitive features has been limited to the intermediate-mass galaxies.
We measured various line strength indices and compared their trends with respect to σ, among three different environments. As a first step, we investigated the trends of age/metallicity line-sensitive indices that constrain these relevant stellar population properties. We do not find environmental dependences in our age-, metallicity-and [Mg/Fe]-sensitive indices that might translate to non negligible variations in our IMF-sensitive indices. Hence, any possible dependence of the IMF-sensitive features on environment cannot be fully attributed to the variation of these stellar population parameters. These results allowed us to study the trends of the selected IMF indicators as a function of velocity dispersion for our three galaxy samples. We find that for the covered σ range of intermediate stellar mass systems, these trends do not show any significant dependence on the large-scale environment of galaxies, within our index measurements precision. To provide a more quantitative estimate of the uncertainties, we compared our results for the highest σ-bin of each environment to the predictions of MILES SSP models. The obtained results suggest that the IMF is not affected significantly by the environment where our intermediate-mass galaxies reside. This result is in line with the recent work by Rosani et al. (2018) , despite the fact that their definition of environment is different than ours. In their work, they used SDSS spectra of a sample of ETGs from the SPIDER catalog and made use of state-of-the-art stellar population synthesis models to constrain quantitatively the IMF slope. They used host halo mass as a proxy for the environment and found that there is no dependence of the IMF slope on the environment.
Further studies, with more sensitive data and different methods, involving more massive objects, should be performed to further constrain the role of environment on the IMF.
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APPENDIX B: OTHER REDSHIFT-BINS B1 Redshift-bin 0.020 < z < 0.035
We show in Figure B1 the trend of age, metallicity and [Mg/Fe] indicators with σ for the redshift bin of 0.020 < z < 0.035. The left column shows the index measurements from the stacked spectra and the right column shows the median Figure A2 . Same as Figure A1 , but for IMF-sensitive line indices.
of individual measurements for testing the robustness of the stacking procedure. We see differences between index values in various environments, particularly for the lowest σ-bin ([100-120] km s −1 ). Note however that these differences are within the error bars. Therefore, possible variations of IMFsensitive indices in different environments cannot be fully attributed to the variations of age, metallicity or [Mg/Fe] .
The behaviour of IMF-sensitive features with σ, is shown in Figure B2 for the redshift bin 0.020 < z < 0.035. The left panels show the results for the stacked spectra while the right panels show the medians of individual galaxies in each bin. The red, green and blue colors correspond to cluster, group and void galaxies, respectively. All measurements are performed on data convolved to a common velocity dispersion of 214 km s −1 . The error bars are determined through boot-strapping analysis.
The first panel from the top corresponds to the Ca2 absorption line. In the panel showing the measurements for the stacked spectra, the strength of this index decreases with increasing σ in cluster and group galaxies in agreement with Cenarro et al. (2003) . However we find that in voids it increases, although this extent is not confirmed in the right panel showing the medians. These contradicting results can be fully attributed to poor statistics (only 19 galaxies in total) of our void sample in this redshift bin.
Regarding TiO 2 SDSS , we find a strong increase with σ in all galactic environments but there is a noticeable difference between cluster and group galaxies in the lowest σ-bin. The median panel shows the same discrepancy. Half of the difference in the strength of TiO 2 SDSS could be attributed to an age difference (∼2Gyr) between the cluster and group samples in this bin. Note that in this bin there is a difference in the index value of [MgFe] ′ among cluster and group galaxies, which means a difference in metallicty among these two samples. However, the observed difference in TiO 2 SDSS could not be attributed to the metallicity difference; because TiO 2 SDSS is completely insensitive to metallicty. Within our precision we do not find a robust indication of a dependence of our IMF-sensitive indices.
B2 Redshift-bin 0.050 < z < 0.055 Figure B3 shows the behavior of indicators of stellar population parameters as a function of σ for galaxies within the redshift bin 0.050-0.055. We see minor differences in the values of H δ F , [MgFe] ′ , Mgb and <Fe> among the various galactic environments. Within their respective error bars, no trend with the environment is observed.
The last Figure (Figure B2 ), shows variations of IMFsensitive absorption lines with σ. The first panel from the top corresponds to the Ca2 line. A large scatter can be seen in the trend of this line with σ. However within the error bars and compared to the panel of medians, the strength of this index is similar in cluster, group and void galaxies.
There is a large discrepancy in TiO 1 between isolated void galaxies and the other samples. This apparent difference is likely due to the low number of galaxies in this redshift bin compared to the group and cluster samples. The left panels show the results for the stacked spectra while the right panels show the medians of individual galaxies in each bin. The red, green and blue colors correspond to cluster, group and void galaxies, respectively. All measurements are performed on data convolved to a common velocity dispersion of 214 km s −1 . The error bars are determined through boot-strapping analysis.
Also in the first σ-bin of TiO 2 SDSS we find a significant difference among void galaxies and other two samples. This can be totally attributed to the poor statistics of the void sample.
APPENDIX C: LINE-STRENGTH MEASUREMENTS
We report measurements of stellar population parameter indicators for our stacked spectra in Tables C1, C2 and C3.  Also, in Tables C4, C5 and C6, we present the line-strength of IMF-sensitive indices measured from the stacked spectra of galaxies in clusters, groups and voids, respectively. The indices are measure in the stacked spectra at σ = 214 km s −1 . 0.57 ± 0.11 3.11 ± 0.16 3.70 ± 0.09 2.55 ± 0.14 140-160 0.44 ± 0.08 3.15 ± 0.09 3.89 ± 0.05 2.46 ± 0.08 160-180 0.41 ± 0.12 3.40 ± 0.14 4.12 ± 0.07 2.77 ± 0.12 180-200 0.13 ± 0.11 3.24 ± 0.14 4.16 ± 0.08 2.48 ± 0.12 This paper has been typeset from a T E X/L A T E X file prepared by the author.
